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Abstract 
International collaboration is one mechanism to speed the development of carbon capture and storage. Support to investigate storage 
options for a coal-fired plant in the Chongqing Municipality was provided through a program funded by the World Bank. Geologic 
storage in saline reservoirs appears technically feasible based on the available evidence. The plant is located within a tectonically 
stable area of the Sichuan Basin, with low seismic activity and adequate capacity. However, multiple injection wells may be 
required, and the location of a fault near the plant merits additional distance for candidate sites. This study and guidance on future 
phases was augmented with capacity-building workshops in China and visits by the Chinese delegation to active carbon capture 
and storage sites outside of China.  
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1. Introduction 
The World Bank launched an analytical and advisory assistance project in China, financed under its CCS Trust 
fund, to build carbon capture and storage (CCS) capacity in developing countries. This paper presents the results of an 
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assignment to provide assistance to China Power Investment Corporation (CPI) to build capacity for geologic storage. 
This assignment was accomplished via investigation of CCS opportunities for CPI’s pilot capture facility located in 
Hechuan, Chongqing Municipality, supported by a series of capacity-building workshops in China and visits by a 
delegation from CPI and the National Development and Reform Commission (China’s main policy-making agency) 
to active CCS sites abroad. 
 
International collaboration is an important mechanism to increase China’s capabilities to help speed CCS 
technology development and deployment. The growing demand for affordable coal-based power generation in 
developing countries like China is intensifying the need for low-carbon energy solutions. Reducing carbon dioxide 
(CO2) emissions from large point sources such as coal-burning power plants with CCS is considered one of the key 
actions required to prevent the most severe impacts of climate change. Three post-combustion CO2 capture pilots at 
coal power plants are operational in China: Beijing (3,000 tonnes CO2 per year [tCO2/y]), Chongqing (10,000 tCO2/y), 
and Shanghai (120,000 tCO2/y) [1]. None of these pilots are currently storing CO2 underground. Finding suitable 
geologic storage sites in parallel with developing capture technologies is especially critical because developing a 
geologic storage project is time intensive, and decisions on which power plants should be built or retrofitted with 
capture technologies requires substantial knowledge of subsurface resources. 
 
CPI is positioned to be the first in China to couple post-combustion capture at a coal plant with deep saline storage. 
CPI’s Shuanghuai coal-fired power plant located in Hechuan town, Chongqing Municipality, was not initially built for 
carbon capture; however, CPI and its sister company, Yuanda Environmental Projection Engineering Company 
(Yuanda), added a 10,000 tCO2/y post-combustion capture facility, locally designed and built, as a CO2 capture 
engineering research and development platform. Options under consideration include expanding capture capability to 
100,000 tCO2/y in the near term, and potentially to 1-million tCO2/y as a future target.  
 
Battelle collaborated with China Geological Survey’s Center for Hydrogeology and Environmental Geology Survey 
(CHEGS), Pacific Northwest National Laboratory (PNNL), and WorleyParsons Group, Inc. to complete basin-level 
and preliminary site-level assessments on CO2 storage opportunities in deep saline formations within 150 kilometers 
(km) of the Shuanghai Plant (Fig. 1). As described in this paper, coupling CPI’s pilot capture facility with geologic 
storage in deep saline reservoirs located within the central geotectonic unit of the Sichuan Basin appears technically 
feasible based on the available evidence. The study also identified some potential constraints for developing a geologic 
storage project. Through knowledge gained by this international collaboration, CPI is well positioned to begin the 
detailed characterization necessary to design a geologic storage project.  
2. Assessing geologic storage opportunities within the Sichuan Basin, with emphasis on Hechuan, Chongqing 
Municipality 
The basin-level research evaluated various geologic provinces in the Sichuan basin for candidate reservoirs based 
on geologic setting, faulting, seismicity, and cultural features. The overall storage capacity of the Sichuan Basin 
appears to be lower than some other basins in China; however, the flat sedimentary layers surrounding the Shuanghuai 
plant appear to offer reasonable capacity for CCS deployment [2].  
 
The site-level assessment for feasibility of CO2 storage involved preliminary technical, economic and risk analyses. 
Information including geologic data, population, cultural features, oil and gas fields, seismicity, and distance to source 
was collected. Although some deep well data from the vicinity of the proposed site were examined, this study involved 
no extensive on-site fieldwork or on-site data collection and analysis. The limited amount of available data was a 
significant constraint to the assessment. 
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Fig. 1.(a) Locations of potential geologic storage regions within China and location of 150-km study area (source: PNNL); (b) 10,000 t/y post-
combustion capture facility at Shuanghuai plant (source: CHEGS). 
2.1. Suitable geotectonic units within Sichuan Basin 
The interior of the basin can be divided into three primary geotectonic units: a high folded region in southeastern 
Sichuan, low and gentle uplifts in the middle of Sichuan, and depressions in the northwest. These three primary units 
are subdivided into six secondary units (Fig. 2). The project site is located in the relatively flat lying, continuous, and 
apparently fault-free sediments in central Sichuan Basin. In this area, sedimentary rock layers extend to depths of 8 to 
10 km. Central Sichuan Basin is within the secondary geotectonic unit labeled “low-flat structural belt”, which has a 
relatively stable structural environment. However, folded and faulted hilly areas southeast of the Shuanghuai Plant 
exhibit some potential for seismicity. In comparison, the sediments to the west and northwest tend to be devoid of 
folding and faulting.  
 
 
Fig. 2. Sichuan Basin geotectonic units and location of Shuanghuai Plant (Source: CHEGS). 
 Lydia Cumming et al. /  Energy Procedia  63 ( 2014 )  4918 – 4925 4921
2.2. Reservoir and seals 
Several sandstone and carbonate formations with potential for geologic storage were identified based on available 
geology and reservoir data. In the study area, marine-based carbonate-shale strata underlie continental-based sand-
mudstone-shale strata in a normal stratigraphic sequence. Information on formation characteristics was obtained by 
collecting and studying publicly available papers and by compiling limited deep well data within the target area of 
investigation. Only a few deep wells had basic logs available to examine: porosity data are incomplete, and 
permeability and pressure data are very limited. In addition, the data quality and completeness are not known.  
 
The measured values obtained from papers and well logs generally agree with the basin-level assessment, i.e., low 
porosity (5%) and low permeability (less than 10 millidarcy [mD]). As shown in Table 1, the range of porosity found 
in the Xujiahe Formation (predominantly sandstone) is between 1% and 16%; the range of permeability is between 
0.004 and 11.9 mD. The range of carbonate rock reservoir porosity is between 0.5% and 23%, and the range of 
permeability is between 0.001 and 283 mD. Additional site characterization, including advanced geophysical logs, is 
required to provide detailed information needed to delineate the zones of higher porosity and permeability. To the 
extent available, average porosity and thickness data were used to develop estimates of storage capacity. The combined 
total potential capacity for candidate rock formations for a 100-km2 area is approximately 50 million metric tons, 
which indicates technical feasibility for large-scale geologic storage. 
2.3. Modeling 
Based on available information, reservoir analysis and numerical simulations were performed to evaluate the 
potential ranges of pressure buildup, CO2 plume size, and injectivity in the candidate area. Even with low permeability 
values (less than 10 mD), injection rates in the range of 100,000 tCO2/y in a single vertical well appear feasible in 
formations of sufficient thickness. However, where low permeability values are not mitigated by thick formations and 
multiple candidate reservoirs, the feasible injection rates will likely be much smaller. Injection at exceptionally high 
rates, such as 1 million tCO2/y in a single well, is unlikely to be feasible in this area. Such findings are not inconsistent 
with many other sedimentary basins and projects, and it is reasonable to use multiple injection wells for commercial-
scale projects. 
2.4. Storage site impacts on project costs 
Economics are an important consideration when evaluating the viability and potential options for a geological CO2 
storage project. Economic impacts under various scenarios were analyzed using Pacific Northwest National 
Laboratory’s (PNNL’s) geospatial economic modeling tool, CO2-GIS [3,4]. The costs required for each part of the 
CCS chain, from CO2 capture and compression to transport and storage, are affected by several factors, including the 
characteristics of the power plant or other CO2 source; the rate of CO2 capture; the distance to the selected injection 
site; and the depth, thickness, and permeability of the storage reservoir. In terms of relative costs, findings suggest 
that transport distances (and related factors that increase transport costs) have one of the more significant impacts on 
resulting economics for smaller-scale projects, as long as 1) the storage reservoir meets the set of suitability criteria, 
and 2) storage depth and injectivity are within an acceptable range (Fig. 3). The impact of allowable reservoir injection 
rate is most pronounced for a larger-scale project because the injectivity has a significant impact on the number of 
injection wells required. At the 1-million tCO2/y level considered to represent the scale of larger projects, the impact 
of reservoir injectivity on the cost is only slightly less than the impact of transportation distance. Notwithstanding, 
once storage zones with suitable depth and injectivity have been delineated, transportation is an important aspect in 
determining the feasibility of a project site for commercial-scale injection.  
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      Table 1. Summary of reservoir properties for a 100-km2 area within the study area (source: CHEGS). 




Shaximiao Fm  930 – 1190 52 3 – 8 0.05 – 1 4.23 
Daanzhai Member of Ziliujing Fm  1340 – 1420 35 3 – 6 <0.1 0.75 
Member VI of Xujiahe Fm 1760 – 1840 63 1 – 16 0.1 – 1 7.01 
Member IV of Xujiahe Fm  1960 – 2060 99 0.8 – 8 0.004 – 1.3 9.08 
Member II of Xujiahe Fm  2110 – 2220 86 2 – 15 0.02 – 12 9.8 
Leikoupo Fm 2170 – 2540 222 0.5 – 23 <0.01 – 283 6.41 
Jialingjiang Fm  2600 – 3400 400 2 – 7 0.01 – 0.3 11.36 




Fig. 3. (a) Input variable for economic model; (b) Sensitivity analysis results by project size (Source: PNNL) 
2.5. Risk Analysis 
A qualitative risk screening based on Features, Events, Processes (FEP) data was also applied to determine key risk 
factors that will require more detailed assessment. The FEP database was developed by Quintessa to assess safety and 
performance of geological storage of CO2 [5]. Based on the review of the FEP list, no items were identified within the 
study area that could affect system safety or performance sufficiently to require major change in project direction at 
this stage. However, limited data availability constrains the level of detail in the site-specific analysis of many risk 
factors. The main sources of operational risk for geologic storage of CO2 include possibly low injectivity; potential 
for leakage from injection and/or abandoned wells; leakage through caprock into overlying formations; and induced 
and natural seismicity, which could damage CCS surface and near-surface equipment and infrastructure. Many of 
these risk factors are common to CCS sites and can be mitigated through appropriate characterization, design, 
operations and monitoring.  
 
Local faulting present to the east of the plant merits further investigation and understanding of the geology at the 
plant site. Historical earthquake information was analyzed by the project team to assess the likelihood of damage 
associated with natural and induced seismicity. In 2008, a magnitude 8 earthquake known as the Sichuan earthquake 
occurred about 300 km west-northwest of the site. Maps of historical data show no significant earthquake activity 
within a 50-km radius of the Hechuan site [6]. The seismic hazards map of China indicates that the Hechuan site has 
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a medium-low to low seismic hazard [7]. Locating sites farther to the west of the plant increases the distance from 
local faulting and may address concerns of induced seismicity. However, the appropriate distance is not known at this 
time. Additional site characterization with seismic data and geomechanical analysis would be needed to determine 
locations for any large-scale projects. Locating large-scale projects away from known faults, in combination with a 
monitoring strategy targeting the risk of induced seismicity, will be necessary to conduct injection testing. 
3. Defining future data collection objectives 
Developing a CCS pilot and demonstration project is a long-term process that requires significant investment of 
resources and time. Once a decision is made to move forward with the Shuanghuai Plant CCS project development, 
adequate decision points will need to be defined and a more detailed roadmap for integration of capture, transport, 
and storage will need to be created. Depending on the scale of investment, approvals for allocation of resources may 
be required from CPI management as well as Chinese policy-makers such as the National Development and Reform 
Commission (NDRC). Future program objectives should be aligned with the NDRC CCS roadmap [8]. 
 
Although some deep well data are available in the vicinity of the proposed site, this study involved no extensive 
on-site field work or on-site data collection and analysis. Therefore, the results of this initial assessment should not be 
viewed or interpreted as a definitive assessment of the suitability of candidate geologic CO2 storage formations, the 
presence of suitable caprocks, or the presence of sufficient injectivity to allow CO2 sequestration to be carried out in 
a financially viable manner. Rather, the results of this study should be viewed as an initial screening assessment for 
potential opportunities, data gaps, and risks associated with accomplishing sequestration for this given site. The 
following constraints could impede efforts to validate successful deployment for this or any other potential site: 
 
x Insufficient geologic data are available at this stage for detailed assessment and a confident site selection. 
x Limited data access could affect incorporation of all pertinent information into the decision process.  
x Porosity, permeability, and pressure data are very limited; parameters required for design, such as core analysis 
and fracture pressure, are not available at this stage.  
x Better information on overlying containment zones—thickness, lithology, porosity, and permeability—needs to 
be developed.  
x Faulting in the region requires detailed assessment to determine the potential for induced seismicity and calculate 
safe injection pressures. 
 
Information such as geologic data, population, cultural features, oil and gas fields, seismicity, and distance to source 
were used to select three candidate areas for possible future phases of detailed assessment (Table 2). These areas are 
located approximately 4 km (Area A), 17 km (Area B), and 37 km (Area C) to the west and northwest from the power 
plant. Candidate areas were evaluated on the basis of technical, economic, and risk criteria. Currently, there is not 
enough detail on subsurface properties to prioritize these locations based on capacity or injectivity. In general, 
locations closer to the source are preferred due to shorter pipeline distance. However, locations farther to the west 
may provide an additional safety factor because they are removed from the local faulted areas. Such issues can only 
be resolved through site-specific characterization in future phases.  
 
The initial site characterization phase may consist of site-specific seismic surveys, drilling and characterization, 
detailed reservoir modeling and system design. The existence of exploration wells and production wells in the 
periphery of the study area could provide the first-hand information to support site selection; these wells also will 
need to be thoroughly investigated to ensure they have been properly sealed. 
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       Table 2. Overview of candidate areas for possible future site characterization phases  
Criteria Distinguishing characteristics Rank (1 = most preferable; 3 = least preferable) 
Capacity and injectivity  Not enough data to differentiate between individual sites 
in terms of injectivity, capacity, or seal integrity. 
Sites ranked equally 
Economic Distance from plant 1. Area A; 2. Area B; 3. Area C 
Geologic security Area A is closest to known faulting (within 25 km). 
Abandoned gas wells are found near Areas B and C. 
1. Area C; 2. Area B; 3. Area A 
4. Augmenting the feasibility study with workshops and site visits 
Providing guidance for developing CCS projects was a significant element of the program. While Chinese power 
companies like CPI are developing capture technologies, there has never been a CCS project that connects the capture 
of CO2 at a coal-fired power plant to a deep saline storage reservoir in China. The Battelle Team participated in three 
capacity-building workshops held by the World Bank in China. Further knowledge sharing took place during a USA 
study tour by CPI and NDRC, which was completed in April 2013. During the tour, members of the delegation were 
able to see a full range of carbon capture-, utilization-, and storage-related activities and interact with project engineers, 
owners, and stakeholders. CCS sites included: 
 
x National Carbon Capture Center, USA, Alabama. This stop included a visit to the premier R&D and testing 
center both for integrated gasification combined cycle and post-combustion research at pilot scales. 
x Midwest Regional Carbon Sequestration Partnership Large-Scale Injection Project, USA, Michigan. This site 
showcased oil- and gas-related CO2 utilization projects.  
x Illinois-Decatur Project, USA, Illinois. This stop included a visit to an active CO2 injection well in a deep saline 
formation. The source of the CO2 is an Archer Daniel Midland ethanol plant.  
5. Conclusions 
The growing demand for affordable coal-based power generation in developing countries like China is intensifying 
the need for low-carbon energy solutions. Reducing CO2 emissions from large point sources (such as coal-burning 
power plants) with CCS is considered key to preventing the most severe impacts of climate change. Coupling the 
capture of CO2 emissions with geologic storage requires the development of adequate geologic storage reservoirs and 
the advancement of technical capabilities. Chinese power companies like CPI are developing CCS technologies; 
however, there has yet to be a CCS project that connects the capture of CO2 at a coal-burning power plant to a deep 
saline storage reservoir in China.  
 
International collaboration is seen as one mechanism to speed the development of CCS. Through funding provided 
by the World Bank, CPI received advice and support to investigate CCS options for its coal-fired plant in the 
Chongqing Municipality. The geologic pre-feasibility assessment concluded that coupling CPI’s pilot capture facility 
with geologic storage in deep saline reservoirs appears technically feasible based on the available evidence. The plant 
is located within an area that is tectonically stable, with few major active faults; has thick, multiple reservoir layers; 
has low seismic activity; and has adequate capacity to achieve meaningful CO2 emissions reductions. The study also 
identified some constraints for developing a geologic storage project. Modeling scenarios point to the need for multiple 
injection wells, and the location of a fault near the plant requires consideration of tradeoffs between transportation 
costs and security considerations for candidate geologic storage sites. Injectivity and the distance of the geologic 
storage site from the plant are significant cost factors for geologic storage economics. However, these uncertainties 
may be resolved during the site characterization phase. Through knowledge gained by training, visits to active CCS 
sites, and the pre-feasibility assessment, CPI is well situated to take the next step and begin the detailed 
characterization necessary to design a geologic storage project.  
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